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High centre-of-mass energies available in proton-proton collisions at the LHC allow models describing charmonium production to be tested. We distinguish promptly produced charmonia from those originating from $\documentclass[12pt]{minimal}
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In the present paper we report the first measurement of the cross-section for the prompt production of $\documentclass[12pt]{minimal}
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In addition, a departure in excess of two standard deviations between the recent BES III results \[[@CR22], [@CR23]\] and earlier measurements \[[@CR21]\] motivates the determination of the difference between $\documentclass[12pt]{minimal}
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In Sect. [2](#Sec2){ref-type="sec"} we present the LHCb detector and data sample used for the analysis. Section [3](#Sec3){ref-type="sec"} describes the analysis details, while the systematic uncertainties are discussed in Sect. [4](#Sec4){ref-type="sec"}. The results are given in Sect. [5](#Sec5){ref-type="sec"} and summarized in Sect. [6](#Sec6){ref-type="sec"}.

LHCb detector and data sample {#Sec2}
=============================

The LHCb detector \[[@CR24]\] is a single-arm forward spectrometer covering the pseudorapidity range $\documentclass[12pt]{minimal}
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                \begin{document}$${\,{\upmu}{\mathrm m}}$$\end{document}$ for charged particles with large transverse momentum. Different types of charged hadrons are distinguished using information from two ring-imaging Cherenkov detectors. Photon, electron, and hadron candidates are identified by a system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter, and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers. The trigger consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction.

Events enriched in signal decays are selected by the hardware trigger, based on the presence of a single high-energy deposit in the calorimeter. The subsequent software trigger specifically rejects high-multiplicity events and selects events with two oppositely charged particles having good track-fit quality and transverse momentum larger than 1.9$\documentclass[12pt]{minimal}
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The present analysis uses $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{ p}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{ p}} $$\end{document}$ collision data recorded by the LHCb experiment at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\sqrt{s}} = 7 {~\mathrm{TeV}}$$\end{document}$, corresponding to an integrated luminosity of 0.7 fb$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{-1}$$\end{document}$, and at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\sqrt{s}} = 8 {~\mathrm{TeV}}$$\end{document}$, corresponding to an integrated luminosity of 2.0 fb$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{-1}$$\end{document}$.

Simulated samples of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\eta _c (1S)$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{ J}}/{\psi } $$\end{document}$ mesons decaying to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p\overline{p}$$\end{document}$ final state, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{ J}}/{\psi } $$\end{document}$ decaying to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{p}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\overline{{{{p}}}}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\pi } ^0$$\end{document}$ final state, are used to estimate efficiency ratios, the contribution from the decay $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{ J}}/{\psi }} {\rightarrow } {{{ p}}} \overline{{{{ p}}}} {{\pi } ^0} $$\end{document}$, and to evaluate systematic uncertainties. In the simulation, *pp* collisions are generated using [Pythia]{.smallcaps}  \[[@CR26]\] with a specific LHCb configuration \[[@CR27]\]. Decays of hadronic particles are described by [EvtGen]{.smallcaps}  \[[@CR28]\], in which final-state radiation is generated using [Photos]{.smallcaps}  \[[@CR29]\]. The interaction of the generated particles with the detector and its response are implemented using the [Geant4]{.smallcaps} toolkit \[[@CR30], [@CR31]\] as described in Ref. \[[@CR32]\].

Signal selection and data analysis {#Sec3}
==================================

The signal selection is largely performed at the trigger level. The offline analysis, in addition, requires the transverse momentum of $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec4}
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Results {#Sec5}
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